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“O degrau de uma escada não serve 
simplesmente para que alguém permaneça em 
cima dele, destina-se a sustentar o pé de um 
homem pelo tempo suficiente para que ele 
coloque o outro um pouco mais alto”. 
 
Thomas Huxley 
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Resumo 
Embora o efeito de flúor fosfato acidulado em gel (FFA-gel) na redução da cárie 
dental em dentes permanentes esteja baseado em evidência, prévio estudo in situ 
realizado sob baixo desafio cariogênico sugere que a aplicação profissional de 
FFA-gel por 4 minutos não promove maior resistência a desmineralização ao 
esmalte permanente do que 1 minuto, porém sob maior desafio cariogênico o 
resultado poderia ser diferente. Além disso, apesar dos dentes decíduos serem 
mais susceptíveis há cárie do que os permanentes não há estudos na literatura 
que comparem o tempo de aplicação de FFA-gel no esmalte decíduo. Desta 
forma, foi realizado um estudo in situ com o objetivo de avaliar o efeito do tempo 
de 1 e 4 minutos de aplicação profissional de FFA 1,23% F em gel na 
desmineralização de esmalte decíduo e permanente, assim como na formação e 
retenção de F no esmalte e a concentração de F no biofilme dental formado, numa 
condição de acúmulo de biofilme dental e alta freqüência de exposição à 
sacarose. Em três fases experimentais, 16 voluntários adultos utilizaram 
dispositivo palatino, no qual foram fixados 4 blocos de esmalte decíduo de um lado 
e 4 de permanente do outro. No início da primeira fase, os voluntários foram 
divididos aleatoriamente pelo tratamento que iriam iniciar o estudo: Controle 
negativo: nenhum tratamento; FFA-1 min: aplicação de FFA por 1 minuto, 
realizada no primeiro dia de cada fase experimental; FFA-4 min: aplicação de FFA 
por 4 minutos, sendo que ao final dos cruzamentos todos os voluntários foram 
submetidos a todos os tratamentos. Adicionalmente, um bloco decíduo e um 
permanente foram fixados, com cera, na região anterior do dispositivo para 
determinação de flúor (F) tipo fluoreto de cálcio (“CaF2”) formado no esmalte e, 
após 30 minutos, uma tela plástica foi fixada no dispositivo de acrílico sobre os 
outros blocos dentais. Durante as fases experimentais, solução de sacarose a 
20% foi gotejada extraoralmente sobre os blocos 8x/dia e os voluntários utilizaram 
dentifrício não fluoretado. Após 14 dias do início de cada fase, o biofilme formado 
foi coletado e analisado quanto à concentração de F no fluido e na parte sólida. 
Nos blocos de esmalte foi determinado o “CaF2” retido e a perda mineral foi 
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avaliada pela dureza do esmalte dental seccionado transversalmente. Aplicação 
de FFA-gel reduziu a desmineralização em ambos os substratos dentais (p<0,05), 
independente do tempo de aplicação (p>0,05). A concentração de “CaF2” formado 
e retido foi significativamente maior nos grupos que receberam aplicação de FFA-
gel (p<0,05), porém sem diferença entre os tempos de aplicação (p>0,05) tanto 
para esmalte decíduo quanto para o permanente. Os resultados do presente 
estudo sugerem que, mesmo sob um alto desafio cariogênico, um menor tempo de 
aplicação profissional de FFA-gel, isto é, 1 minuto, apresenta o mesmo efeito 
anticárie que o tempo de 4 minutos, tanto para o esmalte decíduo quanto para o 
permanente. 
 
Palavras-chave: fluoreto de fosfato acidulado, dente decíduo, desmineralização, 
biofilme dental, esmalte dentário, flúor, testes de dureza  
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Abstract 
Although the effect of acidulated phosphate fluoride gel (APF-gel) on caries 
reduction in permanent teeth is based on evidence, previous in situ study, 
conducted under low cariogenic challenge suggests that the professional 
application of APF-gel for 4 minutes does not promote greater resistance to 
demineralization for permanent enamel than 1 minute, however under higher 
cariogenic challenge the result could be different. Moreover, although deciduous 
teeth are more susceptible to caries than permanent ones, there are no studies in 
the literature that compare the application time of APF in deciduous enamel. Thus, 
an in situ study was conducted with the aim of evaluating the effect of application 
time for 1 and 4 minutes of professional APF gel with 1.23% F on demineralization 
of deciduous and permanent enamel, as well as on F formed and retained on 
enamel and F concentration of dental biofilm formed, in a condition of dental biofilm 
accumulation and high frequency of sucrose exposure. In three experimental 
phases, 16 adult volunteers wore palatal appliances, containing 4 deciduous 
enamel slabs in one side and 4 permanent ones in the other side. At the beginning 
of the first phase, the volunteers were randomly assigned by the treatment they 
would start the study: Negative control: no treatment; APF-1 min: APF application 
for 1 min, performed on the first day of each experimental phase; APF-4 min: APF 
application for 4 min, and at the end of the experimental phases all volunteers had 
been submitted to all treatments. Additionally, a deciduous and a permanent slab 
were fixed with wax in anterior position on appliance for determination of fluorine 
(F) as calcium fluoride (“CaF2”) formed on enamel and, after 30 minutes, a plastic 
mesh was fixed in the acrylic appliance over the other dental slabs. During the 
experimental phases, 20% sucrose solution was dripped extraorally over the slabs 
8 x/day and the volunteers used non-fluoridated dentifrice. After 14 days of the 
beginning of each phase, dental biofilm formed was collected and analyzed with 
regard to F concentration in the fluid and the solids. On the slabs was determined 
“CaF2” retained on enamel and mineral loss was evaluated by enamel cross-
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sectional hardness. APF-gel application reduced demineralization in both dental 
substrates (p<0.05), independent of the application time (p>0.05). The 
concentration of “CaF2” formed and retained was significantly higher in the groups 
treated with APF-gel (p<0.05), however without difference between the application 
periods (p>0.05) either for deciduous or permanent enamel. The results of the 
present study suggest that, even under a high cariogenic challenge, a shorter time 
of professional application of APF-gel, that is, 1 min, presented the same anticaries 
effect as the time of 4 minutes, either in deciduous or permanent enamel. 
 
Key words: acidulated phosphate fluoride, tooth, deciduous, demineralization, 
dental biofilm, enamel, fluoride, hardness tests 
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Introdução 
A cárie é uma doença resultante de sucessivos eventos de 
desmineralização, causados pela ação de ácidos produzidos por bactérias 
presentes no biofilme dental, após exposição a carboidratos fermentáveis (Marsh, 
2009). Esta doença pode ser controlada com o auxílio do fluoreto (F), por meio de 
uso coletivo, individual ou profissional de acordo com as necessidades individuais. 
Assim, medidas como, a fluoretação da água de abastecimento e uso de 
dentifrício fluoretado estão relacionados à redução de cárie para grande parte da 
população (Cury et al., 2004). Porém, para alguns grupos específicos com alto 
risco e atividade de cárie, se faz necessário a complementação com uso 
profissional de F (Øgaard et al.,1994) e a aplicação tópica de flúor fosfato 
acidulado (FFA) contendo 1,23% de F é um método utilizado no controle da 
progressão da cárie, sendo seu efeito claramente reconhecido (Marinho et al., 
2004; 2008). 
O fluoreto, quando presente no meio bucal em concentração maior que 100 
ppm de F, interfere no processo de cárie inibindo a desmineralização e ativando a 
remineralização (ten Cate, 1997). A aplicação profissional de FFA promove a 
formação de reservatórios tipo fluoreto de cálcio (“CaF2”) que disponibilizam o íon 
F para o meio (Tenuta et al., 2008). Durante o consumo de carboidratos 
fermentáveis as bactérias, presentes no biofilme dental, produzem ácidos que 
causam um decréscimo do pH na interface dente/biofilme. Se o pH estiver entre 
4,5 e 5,5 ocorrerá a dissolução do mineral do dente (hidroxiapatita-HA), na 
presença de F no meio bucal, em especial no biofilme,ele irá interferir no processo 
de desmineralização ocorrendo a preciptação de fluorapatita (FA). Na ausência 
dos desafios cariogênicos, o ácido presente é diluído e neutralizado e quando pH 
for igual ou maior que 5,5, o F presente ativa a remineralização (Cury & Tenuta, 
2009). 
Os produtos com maiores concentrações de F formam mais “CaF2” e o pH 
ácido disponibiliza o cálcio presente no mineral do dente para reação com o íon F 
(Delbem & Cury, 2002). O efeito preventivo da aplicação profissional de F está 
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relacionado principalmente com os produtos de reação formados no esmalte 
(CaF2) durante o tratamento e sua liberação após aplicação (Tenuta et al., 2008). 
Os procedimentos clínicos realizados antes e após a aplicação de FFA 
foram adotados pela Academia Americana de Odontopediatria (AAPD - American 
Academy of Pediatric Dentistry) em 1967 e alguns deles como a necessidade de 
profilaxia prévia (Ripa et al., 1984; Hawkins et al., 2003) e o procedimento de lavar 
a boca (Delbem et al., 2005) ou beber água (Lopes et al., 2008) após a aplicação 
tópica têm sido questionados. O tempo de aplicação do FFA também tem sido 
discutido e a sugestão é que seja realizada por 4 minutos (American Dental 
Association Council on Scientific Affairs, 2006; AAPD, 2011). 
Os resultados encontrados na literatura, em relação ao tempo de aplicação, 
são conflitantes: alguns estudos mostraram diferenças entre 1 e 4 minutos de 
aplicação (Wefel & Wei, 1979; Wei & Hattab, 1988; Wei et al., 1988), enquanto 
outros não observaram qualquer diferença (Peixoto & Silva, 1992; Hebling et al., 
1995; Mendes et al., 1996). Entretanto, a maioria destes estudos focou 
principalmente na incorporação de F pelo esmalte, apesar de não existir uma clara 
e direta relação entre F no esmalte e resistência à desmineralização (Delbem & 
Cury, 2002). Ainda, estudos in vitro mostraram que 4 minutos de aplicação de FFA 
não deixaram o esmalte mais resistente à desmineralização do que 1 minuto 
(Garcia-Godoy et al., 1995; Delbem & Cury, 2002), apesar de ter ocorrido maior 
incorporação de flúor (Delbem & Cury, 2002). 
Um estudo in situ, investigou o efeito da aplicação tópica de gel de FFA 
contendo 1,23% F na formação e retenção de F no esmalte dental e na inibição da 
desmineralização e também não observou diferença estatisticamente significante 
entre 1 e 4 minutos de aplicação (Villena et al., 2009). Entretanto neste estudo, os 
blocos de esmalte de terceiros molares permanentes foram expostos à sacarose 
apenas 3x/dia. Assim, é possível que sob condições de maior freqüência de 
exposição à sacarose os resultados encontrados possam ser diferentes. 
Os dentes decíduos têm em sua composição mais carbonato que os 
permanentes, o que pode contribuir para a progressão mais rápida da lesão de 
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cáries no esmalte decíduo do que no permanente (Sønju-Clasen & Ruyter, 1997). 
Adicionalmente, há poucos estudos na literatura com este tipo de substrato 
(Marinho et al, 2002). 
Um menor tempo clínico de aplicação, sem comprometimento do benefício 
anticárie do FFA, favoreceria o atendimento na saúde pública e em especial na 
clínica de odontopediatria, aumentando a colaboração do paciente e diminuindo o 
risco de toxicidade aguda pelo uso de produto de alta concentração de fluoreto. 
Desta forma, o presente trabalho tem como objetivo avaliar in situ, o efeito do 
tempo da aplicação profissional de FFA 1,23% de F em gel, por 1 ou 4 minutos, na 
desmineralização de esmalte decíduo e permanente hígidos, assim como na 
formação e retenção de F no esmalte e na composição bioquímica do biofilme 
dental formado, numa condição de acúmulo de biofilme e alta freqüência de 
exposição à sacarose. 
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O presente estudo está apresentado no formato alternativo de dissertação de 
acordo com as normas estabelecidas pela deliberação 002/06 da Comissão 
Central de Pós-Graduação da Universidade Estadual de Campinas (Anexo 1). O 
artigo intitulado “Time of APF-gel application on formation and retention of 
“CaF2” on enamel of deciduous and permanent teeth and on 
demineralization” foi submetido ao periódico “Caries Research” (Anexo 3). 
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ABSTRACT 
Although the effect of acidulated phosphate fluoride gel (APF-gel) on caries 
reduction in permanent teeth is based on evidence, the relevance of the clinical 
time of application is still under debate; also, the effect of 4-min or 1-min 
application has not been evaluated in deciduous enamel. In a blind, crossover, in 
situ study of 3-leg of 14 days each, 16 adult volunteers wore palatal appliances 
containing 4 permanent and 4 deciduous enamel slabs. In the beginning of each 
phase, the slabs were submitted to one of the following treatments: no APF 
application (negative control); APF-gel (1.23% F) application for 1 min or 4 min. 
Biofilm accumulation on slab surface was allowed and the slabs were subjected 
8x/day to 20% sucrose, simulating a high cariogenic challenge condition. On the 
15th day of each phase, the biofilms were collected for fluoride determination in 
fluid and biofilm solids. On enamel of the slabs, fluoride retained as “CaF2” was 
determined and demineralization was assessed by cross-sectional hardness. 
Fluoride as “CaF2”, formed by APF-gel application, was determined in extra 
enamel slabs. APF-gel reduced demineralization in both enamel teeth (p<0.05), 
but the difference between 1 and 4-min was not statistically different (p>0.05). 
“CaF2” formed and retained on deciduous and permanent enamel was significantly 
higher in APF-gel groups (p<0.05), but no significant difference was found between 
1 and 4 min (p>0.05). The findings suggest that 1 min of APF-gel application 
provides the same anticaries effect than 4 min, either for permanent or deciduous 
enamel. 
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INTRODUCTION 
There is clear evidence of the caries-inhibiting effect of acidulated fluoride 
gel [Marinho et al., 2002], but the relevance of the recommended pre- and post 
application procedures has been questioned [Delbem et al., 2005; Villena et al., 
2009]. Among these clinical procedures, the application time of professional 
acidulated phosphate fluoride gel (APF-gel) has been studied in vitro and in situ. 
The findings of in vitro studies, evaluating the effect of application time on 
fluoride uptake by permanent enamel, are conflicting and while some studies show 
that 4 min is more effective than 1 min of application [Wefel and Wei, 1979; Wei 
and Hattab, 1988; Wei et al., 1988], others did not find statistically significant 
difference [Peixoto and Silva, 1992; Hebling et al., 1995, Mendes et al., 1996]. The 
in vitro data based on F uptake, suggesting that 1 min of APF-gel application could 
be as effective as 4 min, was supported by two studies showing that 4 min does 
not lead the enamel more resistant to demineralization than 1 min [Garcia-Godoy 
et al., 1995; Delbem and Cury, 2002]. However, even using validated models, in 
vitro studies have limitations and it is very difficult to simulate the real life. 
In situ studies have been considered as intermediate between in vitro and in 
vivo studies, because they allow the control of some clinical variables related to the 
development of caries [Zero, 1995]. Using an in situ model that has been widely 
used for different purposes on cariology [Paes Leme et al., 2006, as review], no 
statistically significant difference between APF-gel application for 1 or 4 min was 
shown, either on F uptake and its retention, or on reduction of demineralization 
[Villena et al., 2009]. However, in this study, the enamel slabs were exposed to 
sucrose at a frequency of 3 times a day, and it is possible that under a higher 
frequency of sucrose exposure [Cury et al., 2010] the longer time of application 
could be more effective. Also, in this study enamel slabs from human permanent 
teeth were used and deciduous enamel is considered more caries-susceptible than 
permanent one [Sønju-Clasen and Ruyter, 1997]. Moreover, according to Marinho 
et al. [2002], there is little information in the literature concerning the caries-
inhibiting effect of APF-gel on deciduous dentition and in addition there are no 
8 
 
studies evaluating the effect of application time. Also, the retention of calcium 
fluoride-like products (“CaF2”) formed on enamel by professional F application is 
desirable [Tenuta et al., 2008], but there is no study with deciduous teeth. 
Therefore, this study aims to evaluate in situ the effect of 1 or 4 min of APF-
gel application on F uptake by deciduous and permanent enamel, its retention and 
the consequence on demineralization under high cariogenic challenge induced by 
a high frequency of sucrose exposure and biofilm accumulation. 
 
MATERIALS AND METHODS 
Volunteers and Ethical Issues 
Sixteen volunteers (18–40 years of age), who fulfilled the inclusion criteria (normal 
stimulated salivary flow rate (> 0.7 ml/min), good general and oral health, ability to 
comply with the experimental protocol, no antibiotic use during the 2 months prior 
to the study, not using a fixed or removable orthodontic device), were selected to 
take part in the study that was approved by the Research and Ethics Committee of 
Piracicaba Dental School (protocol no. 095/2009). They signed an informed, written 
consent (resolution no. 196 of the National Health Council, Health Ministry, 
Brasília, DF, 10/03/1996). 
 
Experimental design 
A blind, crossover in situ study was conducted in 3 experimental phases of 14 days 
each (fig. 1), during which 16 volunteers wore acrylic palatal appliances containing 
4 deciduous and 4 permanent enamel slabs on each side of the appliance. Using a 
computer generated randomization list, the volunteers were randomly assigned to 
one of the following treatments done in each phase (fig. 1): no treatment of the 
slabs (negative control group), application of APF-gel to the slabs for 1 min (APF 1 
min) and APF-gel application for 4 min (APF 4 min). Application of APF-gel for 1 or 
4 min was performed at the 1st day of the experimental phase. Extra slabs, one 
deciduous and one permanent, placed at an anterior part of the appliance were 
removed immediately after application for determination of “CaF2” formed. 
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During each phase, the 8 enamel slabs were extra-orally exposed to 20% sucrose 
solution eight times per day, biofilm was allowed to accumulate on the slabs and 
the volunteers used non-fluoridated dentifrice. At the end of each phase, the biofilm 
formed on all deciduous and permanent enamel slabs was collected separately for 
F analysis in the fluid and the solids. On two enamel slabs, “CaF2” retained was 
determined and demineralization was assessed in the other two by cross-sectional 
hardness. After a washout period of at least 7 days, new slabs were placed in the 
appliance for the next experimental phase. After the three phases, all volunteers 
were submitted to all the treatments. For the statistical analysis, the volunteer was 
considered as an experimental block (n=16). The sample size was determined on 
the basis of our previous findings using the same experimental protocol [Paes 
Leme et al., 2004; Villena et al., 2009; Vale et al., 2011] with a statistical power 
higher than 90% for the variables demineralization and “CaF2”. This study was 
blind only with respect to the examiners, who analyzed previously coded samples 
to ensure blindness. 
 
Preparation of enamel slabs and palatal appliance 
Sound exfoliated human deciduous and pre-molar teeth extracted for orthodontic 
reasons were selected for the study. They were stored in formaldehyde solution 
[White, 1987] for at least one month and enamel slabs (3 x 3 x 2 mm) were 
obtained from the middle third of them. The enamel surface of the slabs was not 
polished or flattened, 240 deciduous and permanent slabs were randomly divided 
into the groups of treatment and were sterilized by ethylene oxide. An acrylic resin 
intraoral palatal appliance, containing eight cavities measuring 4 x 4 x 3 mm (four 
at each side of the appliance), was made for each volunteer to set the slabs. In 
these cavities, new enamel slabs were placed for each phase of the study. In 
addition, one extra deciduous and one permanent enamel slab were fixed with wax 
in the anterior part of the appliance [Villena et al., 2009] to evaluate “CaF2” formed 
by APF application. 
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Treatments 
To provide a cariogenic challenge, the volunteers dripped 20% sucrose solution 
extra-orally onto each slab 8x/day [Cury et al., 1997]. On the 1st day of the 
respective phase, APF-gel (1.23% F, pH = 3.6-3.9, DFL®, Petropolis, RJ, Brazil) 
was applied with a cotton swab during 1 or 4 min to the slabs placed in the 
appliances into the volunteers’ mouths and also to the volunteers’ teeth. The 
excess gel on the slab surfaces was removed with cotton swabs, the volunteers 
expectorated for 30 s and the extra slabs fixed at the anterior position were 
removed to evaluate “CaF2” formed. Thirty minutes later [Paes Leme et al., 2004] a 
plastic mesh was fixed to the appliance over the slabs, to protect the enamel slab 
surfaces from mechanical attrition, leaving a 1 mm space for accumulation of 
dental biofilm [Hara et al., 2003 for details]. During these 30 min the volunteers did 
not eat or drink anything. In the negative control group, the appliances with the 
slabs were kept in the mouth during 4 min, the extra slabs were removed and the 
plastic mesh was fixed as already described. During the pre-experimental and 
washout periods, and during the 14 days of cariogenic challenge, volunteers 
brushed their teeth and the appliance, except for the area containing the slabs, 
with non-fluoride dentifrice. The volunteers drank and consumed foods prepared 
with optimally fluoridated water (0.6-0.8 mg F/l for the region) and no restrictions 
were made with regard to their diet, considering the crossover design of this study, 
but they were instructed to avoid F-rich food containing bioavailable F, such as tea. 
 
Biofilm Collection and F Analysis in the Fluid and Solids 
On the 15th day of each experimental phase, 10 h after the last exposure to 
sucrose solution, in fasting condition, the biofilm formed on all deciduous and 
permanent slabs was collected separately with a plastic spatula, immediately 
placed inside a mineral oil-filled plastic tip pipette adapted to a centrifuge tube and 
weighed (± 10 μg). The biofilm fluid was separated from the biofilm solids [Vogel et 
al., 1997] and its concentration determined [Tenuta et al., 2006]. After fluid 
extraction, biofilm solids were treated with 0.5 M HCl (0.1 ml per 10 mg of biofilm 
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wet weight) for acid soluble F extraction [Cury et al., 1997]. Samples were agitated 
for 3 h at room temperature, centrifuged, and the supernatant buffered with TISAB 
II (containing 20 g NaOH/l). The F concentration in the acid extract was measured 
using an ion-selective electrode Orion 96-09 and an ion analyzer Orion EA-940, 
with the standards containing HCl and NaOH in the same proportion as the 
samples. 
 
Enamel demineralization assessment 
After biofilm collection, 2 slabs of deciduous and 2 of permanent teeth were 
collected, longitudinally sectioned, embedded in acrylic resin and the cut surface 
was exposed and polished. Cross-sectional hardness was measured in the 
polished area using a Knoop indenter with a 25-g load for 5 s and a Future-Tech 
FM microhardness tester coupled to software FM-ARS 900 [Cury et al., 2000]. 
Three rows of 13 indentations each were made from the outer enamel surface, the 
first six spaced 10 µm from previous one and the last ones 20 µm. The mean 
values (kg/mm2) at all measuring points of each distance from the surface were 
then averaged and the area of hardness loss versus lesion depth (ΔS) was 
calculated by numerical integration using the trapezoidal rule by the difference 
between the area under the curve (kg/mm2 x µm) of the sound enamel minus the 
area of the demineralized one [Cury et al., 2010]. The results of the 2 slabs of 
deciduous and permanent enamel for each volunteer in each treatment were 
averaged. 
According to a pilot study conducted, the use of enamel surface hardness 
assessment as indicator of demineralization was discarded due to artifacts on 
deciduous enamel surface provoked by the dissolution of “CaF2” formed by APF-
gel application [Paes Leme et al., 2003]. 
 
Determination of “CaF2” formed and retained on enamel 
“CaF2” retained in the other 2 slabs of deciduous and permanent teeth after the 14 
days of cariogenic challenge and that formed on the extra slabs immediately after 
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APF-gel application was determined [Caslavska et al., 1975]. The area of enamel 
surface was measured with a digital caliber (± 0.001 mm), and all the slab surfaces 
were protected with wax, except for the enamel surface. Each slab was individually 
immersed in 1.0 M KOH (0.5 mL per slab) for 24 h, F extracted was determined 
with ion selective electrode and the results expressed in µg F/cm2 [Moi et al., 
2008]. The results of F retained in the 2 enamel slabs of deciduous and permanent 
teeth were averaged. 
 
Statistical analysis 
The data for deciduous and permanent enamel were independently analyzed. All 
data were analyzed by ANOVA followed by Tukey’s test, with the volunteers 
considered as statistical blocks. The normality of errors distribution and the degree 
of non-constant variance were checked for each response variable using the 
SAS/LAB package (SAS software, version 9.0; SAS Institute, Cary, NC, USA). 
Data were transformed [Box et al., 2005] as suggested by the software and is 
described in the tables. F formed in enamel and that retained after the in situ 
experiment was compared by t test. SAS software was used for all analyses, and 
the significance limit was set at 5%. 
 
RESULTS 
Concentration of CaF2–like material (“CaF2”) formed on deciduous and permanent 
enamel after APF-gel application was statistically higher (p<0.05) in both groups 
treated with APF-gel than the negative control group (Tables 1 and 2), however no 
significant difference was observed between the time of application (p>0.05). Also, 
“CaF2” retained on deciduous and permanent enamel at the end of the in situ 
phase for the groups treated with APF-gel application for 1 min and 4 min 
presented significantly higher values than the negative control group (p<0.05), but 
the effect of time of APF-gel application was not significant (p>0.05). 
The results of enamel demineralization (Tables 1 and 2) evaluated by area of 
hardness loss (∆S) showed that the groups treated with APF-gel had a statistically 
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lower (p<0.05) demineralization than the negative control group, but the difference 
between them was not significant (p>0.05), either for deciduous or permanent 
enamel teeth. 
The results of F concentration in biofilm fluid and solids formed on enamel surface 
of deciduous and permanent slabs (Tables 1 and 2) were higher for the biofilms 
formed on enamel of groups treated with APF-gel compared with the non-treated, 
but the differences were not consistently significant (p>0.05). 
 
DISCUSSION 
There is clear evidence of the anti-caries effect of professional topical application 
of APF-gel [Marinho et al., 2004; Marinho, 2008], but it has been recommended 
that the time of application should be further evaluated [ADA Council on Scientific 
Affairs, 2006]. 
The present in situ study, conducted under high cariogenic challenge, gives 
support to in vitro and in situ studies previously done [Peixoto and Silva, 1992; 
Garcia-Godoy et al., 1995; Hebling et al., 1995; Mendes et al., 1996; Delbem and 
Cury, 2002; Villena et al., 2009], suggesting that the application of APF-gel for 4-
min does not render enamel of permanent teeth more resistant to caries. The 
results for permanent teeth (Table 2) were also found for deciduous teeth (Table 1) 
and these data are more relevant, because the literature lacks of studies with 
deciduous teeth and the reduction of the clinical time for APF-gel application in 
children is very important considering the difficulties to offer the best treatment for 
this age of patient. 
The findings suggesting that 1 min of APF-gel application would be as effective as 
4 min to control enamel demineralization either on permanent and deciduous 
enamel were supported by the data of “CaF2” formed on enamel immediately after 
the application and those retained after 14 days of a high cariogenic challenge 
(Tables 1 and 2). Therefore, APF-gel application for 1 or 4 min was able not only to 
form high concentration of “CaF2”, either in deciduous or permanent teeth, as after 
14 days the concentration is still high compared with the control, but the difference 
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between 1 and 4 min was not significant. The data about permanent teeth are in 
agreement with the literature [Peixoto and Silva, 1992; Garcia-Godoy et al., 1995; 
Hebling et al., 1995; Mendes et al., 1996; Delbem and Cury, 2002; Villena et al., 
2009] and for the first time the same is shown for deciduous. 
The coherence between the data of enamel demineralization and “CaF2” formed 
and retained on enamel either of permanent and deciduous teeth should have also 
been found for the data about F in biofilm, as it has been accepted that this product 
formed on enamel acts as a F reservoir [Rølla, 1988], releasing F to environment 
to interfere with the caries process [Tenuta et al., 2008]. In fact, higher values of F 
were found in the biofilm fluid and solids in the groups treated with APF-gel 
compared with the control (Tables 1 and 2), but the differences were not 
consistently significant. The absence of significance can be explained by the 
variability on the analysis as the power of the study to detect differences between 
the treatments was based on enamel demineralization as the main response 
variable. In our previous studies, a statistically significant association between 
APF-gel application and F concentration in biofilm solids [Paes Leme et al., 2004] 
and in the fluid [Vale et al., 2011] was observed with lower number of volunteers 
but the variability was also lower, showing the trend of the present data. Also, in 
these previous studies the statistical analysis followed a factorial design, which 
could explain the level of significance found.  
In summary, the overall findings strongly suggest that the time of APF-gel 
application could be reduced from 4 to 1 min without jeopardizing its anticaries 
effect, either for permanent or deciduous teeth, but this in situ study should be 
complemented by clinical trials. 
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Fig. 1. The CONSORT flow chart 
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Distinct capital letters show statistically significant differences among treatment groups for each variable (p<0.05). 
a
 ΔS – carious lesion area 
b
 APF-gel – acidulated phosphate fluoride gel application 
For statistical analysis data for ΔS were log-transformed; data for “CaF2” were decimal transformed (0.3); data for F biofilm fluid were 
transformed to the inverse; and F in biofilm solids was transformed to the inverse square root. 
The data in this table are the original. 
Treatment 
groups 
Enamel Analyses 
 
Dental biofilm Analyses 
ΔSa 
(kg/mm2 x µm) 
“CaF2” (µg F/cm²) 
F in fluid (μM) F in solids (μmol/g) 
Formed Retained 
Negative control 
APF-gelb 1 min 
APF-gel  4 min 
12097.8 ± 5069.9 A 
4438.0 ± 2965.5 B 
3652.3 ± 2344.6 B 
0.29 ± 0.15 A 
21.86 ± 8.81 B 
26.86 ± 8.94 B 
0.34 ± 0.14 A 
2.67 ± 3.55 B 
3.89 ± 3.51 B 
 9.93 ± 8.42 A 0.04 ± 0.03 A 
0.36 ± 1.09 A 
0.45 ± 0.92 A 
 10.56 ± 9.10 A 
 26.90 ± 46.28 A 
Table 1: Results for deciduous slabs according to the treatment groups (mean±SD; n=16) 
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Distinct capital letters show statistically significant differences among treatment groups for each variable (p<0.05). 
a
 ΔS – carious lesion area 
b
 APF-gel – acidulated phosphate fluoride gel application 
For statistical analysis data for ΔS were log-transformed; data for calcium fluoride (CaF2) were decimal transformed (0.3); data for F biofilm 
fluid were transformed to the inverse; and F in biofilm solids was transformed to the inverse square root. 
The data in this table are the original. 
 
Treatment 
groups 
Enamel Analyses  
 
Dental biofilm Analyses 
ΔSa 
(kg/mm2 x µm) 
“CaF2” (µg F/cm²) 
F in fluid (μM) F in solids(μmol/g) 
Formed Retained 
Negative control 
APF-gelb 1 min 
APF-gel  4 min 
12076.2 ± 6352.9 A 
3740.3 ± 1964.9 B 
4407.8 ± 1586.2 B 
0.31 ± 0.16 A 
21.99 ± 10.92 B 
29.20 ± 11.58 B 
0.52 ± 0.52 A 
1.55 ± 0.93 B 
3.43 ± 3.94 B 
 9.87 ± 10.33 A 0.03 ± 0.03 A 
0.29 ± 0.84 A 
0.39 ± 0.91 A 
 14.22 ± 17.42 AB 
 22.16 ± 25.42 B 
Table 2: Results for permanent slabs according to the treatment groups (mean±SD; n=16) 
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CONSIDERAÇÕES GERAIS 
 A aplicação tópica de FFA é um método efetivo no controle da doença cárie 
(Marinho et al., 2004). Embora haja no mercado produtos com a sugestão de 
aplicação profissional de FFA 1,23% F por 1 minuto não há evidências científicas 
para tal e a recomendação dada é que a aplicação seja feita por 4 minutos (ADA, 
2006). 
 Estudos in situ são uma alternativa para avaliar o efeito do F frente à 
desmineralização, pois mimetizam as condições bucais como fluxo salivar, 
microbiota e temperatura sendo possível padronizar a exposição a sacarose e ao 
F utilizando grupo controle negativo (sem aplicação), fator não aplicável a estudo 
clínico por razões éticas (Altenburger et al., 2009). Como mostrado pelos 
resultados encontrados no presente estudo. 
 Assim, o presente trabalho mostrou que, em condições de alto desafio 
cariogênico, a aplicação tópica profissional de FFA 1,23% F por 1 minuto foi capaz 
de evitar a desmineralização de esmalte decíduo e permanente da mesma forma 
que a aplicação por 4 minutos. Os resultados contribuem para a prática clínica, 
diminuindo o tempo de atendimento e consequentemente o custo além do risco de 
intoxicação aguda, especialmente na odontopediatria. 
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CONCLUSÃO 
Os resultados sugerem que, a aplicação profissional de FFA 1,23% em gel 
por 1 minuto, mesmo sob um alto desafio cariogênico, é capaz de promover efeito 
anti cárie semelhante a 4 minutos, tanto em esmalte decíduo quanto em esmalte 
permanente. 
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APÊNDICE 1 - Delineamento experimental cruzado 
 
O presente estudo in situ foi realizado em três fases experimentais de 14 dias 
cada. Dezesseis voluntários foram aleatorizados para determinar a qual 
tratamento seria submetido na primeira fase e seguiram o cruzamento mostrado 
abaixo. Ao final do experimento, todos os voluntários foram submetidos a todos os 
tratamentos. 
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APÊNDICE 2 - Esquema do dispositivo palatino 
 
 
 
 
Esquema ilustrativo do dispositivo palatino confeccionado em resina acrílica para 
os voluntários, contendo quatro blocos de esmalte decíduo de um lado e quatro 
blocos de esmalte permanente do outro. O lado de cada substrato foi determinado 
por meio de aleatorização para cada voluntário no início do experimento e mantido 
em todas as fases. 
Uma tela plástica foi fixada no acrílico, 1 mm acima dos blocos, para permitir o 
acúmulo de biofilme (Hara et al.,2003). 
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APÊNDICE 3 - Fotos da coleta do biofilme e separação do fluido 
  
No 15o dia de cada fase experimental, o dispositivo era entregue pelos voluntários 
para a coleta do biofilme dental formado. 
 
Após coletado com auxílio de uma espátula, o biofilme dental foi inserido em uma 
ponteira com óleo mineral a fim de evitar evaporação do fluido, pesado e 
centrifugado. Na ponteira, sob microscópio, 3 fases podiam ser observadas: parte 
sólida do biofilme (estroma), fluido do biofilme e óleo mineral. O fluido foi removido 
com o auxílio de uma micropipeta de vidro e armazenado sob óleo mineral para 
posterior análise da concentração de F. 
Microscópio 
Óleo mineral 
Fluido Estroma 
Fluxograma da coleta do biofilme e extração do fluido 
21 000 g, 4°C, 5 min 
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APÊNDICE 4 - Esquema de microanálise de flúor no fluido do biofilme 
 
 
 
 
 
Com o auxílio de microscópio, as amostras foram colocadas na superfície do 
cristal do eletrodo íon especifico de F invertido e diluídas com TISAB III (10:1), sob 
óleo mineral. O microeletrodo de referência era posicionado em contato com as 
amostras, fechando o circuito e permitindo a determinação da concentração de 
fluoreto por meio de um potenciômetro. 
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APÊNDICE 5 - Esquema da extração e dosagem de flúor na parte sólida do 
biofilme 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APÊNDICE 1 - Delineamento experimental cruzado 
Aferição da concentração de F com auxílio do potenciômetro conectado ao 
eletrodo específico para íon F. 
BIOFILME 
CENTRIFUGAÇÃO 
PRECIPITADO SOBRENADANTE 
Determinação da 
CONCENTRAÇÃO 
DE FLUORETO 
0,1 mL de HCl 0,5 M titulado/10 mg de biofilme 
3 horas temperatura ambiente em agitação 
0,1 mL de TISAB (20 g NaOH/L)/10 mg de biofilme 
CENTRIFUGAÇÃO 
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ANEXO 1 - Deliberação da defesa em formato alternativo 
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ANEXO 2 - Certificado do comitê de ética 
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ANEXO 3 – Comprovante de submissão do artigo 
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ANEXO 4 - Orientações aos voluntários 
 
 
1. O dispositivo intrabucal deve ser utilizado durante todo o dia e à noite, sendo removido 
da boca apenas durante as refeições ou quando você for comer ou beber alguma 
coisa. 
2. Quando estiver fora da boca, em nenhum momento o dispositivo deve ser deixado 
à seco. Guarde-o no porta-aparelho, com uma gaze umedecida em água. 
3. Procure evitar que o dispositivo fique fora da boca por um período prolongado, 
restringindo-se ao tempo necessário para a alimentação. 
4. Utilize apenas o dentifrício fornecido. 
5. Realize a higiene bucal normalmente, 3 vezes ao dia (veja abaixo – Escovação). 
6. Não utilize produtos para bochecho ou outros agentes tópicos de qualquer natureza 
na cavidade bucal durante a fase experimental. 
7. Não beba chá preto e chá verde durante o experimento, pois eles contêm grande 
quantidade de flúor. 
8. Quando a pasta estiver acabando, entre em contato com a pesquisadora responsável 
para que seja reposta. 
 
 
 
Gotejamento da solução de sacarose a 20% 
 
1. Seu aparelho possui 8 blocos, 4 de cada lado. 
2. Uma gota da solução de sacarose deverá ser aplicada sobre cada bloco, como seu 
aparelho possui 8 blocos, você gotejará 8 gotas. 
3. O gotejamento da sacarose nos blocos deve ser realizado nos horários fixados na 
caixa do aparelho 
4. Para gotejar a solução, remova o dispositivo da boca, seque levemente com gaze a 
região da tela e goteje uma gota da solução sobre cada bloco, evitando tocar a ponta 
do conta-gotas no dispositivo para não contaminar a solução. Aguarde 5 minutos e 
então recoloque o aparelho na boca. 
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5. Se o primeiro gotejamento do dia não puder ser realizado às 8 horas, goteje no horário 
possível e mantenha todos os outros gotejamentos. É importante manter o total de 
gotejamentos prescrito na caixa do aparelho! 
6. Sempre que gotejar a sacarose, aguarde 5 min, nem mais, nem menos, e retorne o 
aparelho para a boca. Não goteje a solução e deixe por mais de 5 minutos sem 
colocar o dispositivo na boca. 
7. O objetivo é que ocorra a formação de grande quantidade de biofilme sob a tela 
plástica; não tente remover o biofilme! 
 
 
ESCOVAÇÃO: 
1. Utilize somente a pasta de dente fornecida pelo pesquisador. 
2. Realize a escovação dos seus dentes 3 vezes ao dia (nem mais, nem menos) após 
as principais refeições, preferencialmente nos horários: 7:30, 12:30, e 20:00 h. 
Modo de escovação: 
1. Retire o aparelho da boca. 
2. Escove seus dentes e enxágüe a boca do modo como está habituado. 
3. Coloque mais creme dental na escova e escove o dispositivo, iniciando pela parte 
que entra em contato com o palato. 
4. Na parte onde está a tela plástica, não escove a região da tela, para não remover 
o biofilme que está se formando. Escove na região entre as telas e passe a 
espuma do creme dental sobre a tela, com a lateral da escova de dente. 
5. Enxágüe o dispositivo, tomando cuidado para que os jatos de água da torneira não 
atinjam a tela plástica de forma direta. 
 
 
 As soluções deverão ser trocadas toda segunda, quarta e sexta-feira. 
Solicitamos que você venha ao laboratório buscar a nova solução nesses dias. 
 
 
